Background
==========

Pancreatic cancer (PC) is an aggressive malignancy with high patient mortality that accounts for approximately 3% of all cases of cancer and has a 5-year mortality of 90% \[[@b1-medscimonit-25-4648],[@b2-medscimonit-25-4648]\]. In the USA, PC is the second leading cause of cancer-related death, just behind lung cancer, and the incidence has increased recently \[[@b3-medscimonit-25-4648]\]. The pathogenesis of PC is characterized by a tumor that is difficult to diagnose in its early stage, resulting in patients presenting with late-stage PC at initial diagnosis. Because early detection of PC can be difficult, and most patients are initially diagnosed with metastatic PC, treatment includes radiation therapy and chemotherapy, including gemcitabine, but these treatments may nor improve prognosis and have unwanted side effects \[[@b4-medscimonit-25-4648]--[@b6-medscimonit-25-4648]\]. Therefore, it is necessary to develop alternative treatment approaches for PC.

Plumbagin (5-hydroxy-2-methyl-1,4-naphthene) is a compound that is isolated from *Plumbago zeylanica*, and has been shown to have pharmacological activity as a traditional Chinese medicine. Although there have been previous reports on the toxic effects of plumbagin, there have also been reports of its anti-neoplastic and anti-proliferative effects on tumor cells *in vitro* and *in vivo*, and its role in the inhibition of cell migration in breast cancer, liver cancer, and lung cancer \[[@b7-medscimonit-25-4648]--[@b9-medscimonit-25-4648]\]. Currently, few studies have investigated the effects of plumbagin on PC or the biotargets and molecular mechanisms involved by the effects of plumbagin. Network pharmacology is an emerging and novel method for identifying the systemic mechanisms of therapeutic compounds in disease \[[@b10-medscimonit-25-4648]--[@b11-medscimonit-25-4648]\]. Systems pharmacology may be a promising strategy for understanding the pharmacological targets and mechanisms of plumbagin in PC. Therefore, this study aimed to use a network pharmacology approach to establish the effects of plumbagin on pancreatic cancer (PC) and to predict core targets and biological functions, pathways, and mechanisms of action. A schematic diagram of the study design is shown in [Figure 1](#f1-medscimonit-25-4648){ref-type="fig"}.

Material and Methods
====================

Identification of candidate targets of plumbagin and pancreatic cancer (PC)
---------------------------------------------------------------------------

The study used databases of drug classification and target prediction (SuperPred) and SwissTargetPrediction to predict the putative targets of plumbagin, followed by identification of known targets of plumbagin through the herb identification target (HIT) database. Also, the DisGeNET database (*<http://www.disgenet.org/>*) was used to collect the PC-associated gene targets. A Venn diagram of the plumbagin-PC network targets was plotted and visualized using FunRich software. The overlapping targets were harvested as correlative targets between plumbagin and PC.

Cluster analysis and the protein-protein interaction (PPI) network of plumbagin and PC
--------------------------------------------------------------------------------------

The identifiable targets from plumbagin and PC were introduced into the STRING database of functional protein-association networks to obtain the PPI network and the function-related proteins of plumbagin in PC. Also, the ClusterOne algorithm setting of Cytoscape software was used to cluster the proteins in the network, and the biological function and pathway enrichment analysis of each cluster were implemented.

Biological functions and enrichment pathway analysis of identifiable targets
----------------------------------------------------------------------------

NetworkAnalyzer was used to calculate network topological parameters, such as the median degree of freedom and the maximum degree of freedom from the PPI network targets for plumbagin in PC. Core targets were screened according to the degree values of topological data, indicating the upper limit of the screening range as the maximum degree value and the lower limit as the median degree. Also, the gene/protein functional annotation online platform, KOBAS, was used to integrate the biological function and pathway enrichment of the core targets, followed by being imported in the OmicShare cloud platform. The biological processes and the signaling pathways involved in all core targets of plumbagin in PC were visualized, and high-level Venn diagrams were plotted according to the P-values.

Results
=======

Construction of protein-protein interaction (PPI) network and clustering analysis of plumbagin and pancreatic cancer (PC)
-------------------------------------------------------------------------------------------------------------------------

In total, there were 1,752 cancer target genes, and 66 putative plumbagin target genes. The data from FunRich showed 34 interactive targets of plumbagin in PC. After removing the duplicates, the data from the STRING database identified 34 node proteins and 180 edges between the interactive targets ([Figure 2](#f2-medscimonit-25-4648){ref-type="fig"}). Also, cluster analysis from the ClusterONE algorithm resulted in three groups of protein-protein function-related PPI networks of plumbagin in PC ([Figure 3](#f3-medscimonit-25-4648){ref-type="fig"}).

Screening of core targets of plumbagin and PC
---------------------------------------------

NetworkAnalyzer was used to determine network topology parameters, including the freedom of degree, the shortest path, and the central median value of the PPI network for plumbagin in PC. As shown in [Table 1](#t1-medscimonit-25-4648){ref-type="table"}, the smaller of shortest path length and the larger vector value indicated the more important proteins. After calculation, the median degree of freedom was 10.5, and the maximum degree of freedom was 28. Therefore, the screening condition range of core targets was set as 21--28, and the four most important proteins, TP53, MAPK1, BCL2, and IL6 were identified.

Biological functions and pathway enrichment assays of core targets of plumbagin and PC
--------------------------------------------------------------------------------------

The biological functions and signaling pathways from all core targets were enriched and analyzed by using KOBAS software. A total of 1,731 Gene Ontology (GO) annotations and 121 Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways were obtained. The inclusive data were uploaded to the OmicShare cloud platform to produce the Venn diagrams of the top 20 biological functions and molecular pathways of the core targets ([Figure 4](#f4-medscimonit-25-4648){ref-type="fig"}). The plumbagin effects on PC were related to 1731 GO annotations, including the establishment of protein localization to organelles, regulation of cell localization, protein localization to organelles, regulation of reactive oxygen species (ROS) metabolic processes, and positive regulation of intracellular signal transduction. As shown in the KEGG analysis, the molecular pathways of plumbagin in PC were mainly enriched in 121 signaling pathways, including hepatitis B, PI3K-Akt signaling, pathways in cancer, colorectal cancer, platinum-based drug resistance, epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor (TKI) resistance, prostate cancer, endocrine resistance, the advanced glycation endproducts (AGE)-receptor for advanced glycation endproducts (RAGE) signaling pathway, and the hypoxia-inducible factor 1 (HIF-1) signaling pathway.

Discussion
==========

In this study, the bioinformatics findings from web-based databases obtained core targets and identified the biological functions, pathways, and mechanisms of plumbagin in pancreatic cancer (PC). These findings supported that plumbagin might have specific therapeutic effects in PC. The important predictive biotargets for plumbagin in PC were identified as TP53, MAPK1, BCL2, and IL6. It is known that p53 plays a key role in regulating downstream genes involved in cell cycle arrest, DNA repair, and programmed cell death, and p53 dysfunction leads to genomic instability, uncontrolled cell growth, and unregulated cell cycle inhibition \[[@b12-medscimonit-25-4648]\]. Therefore, p53 mutation is a common feature of malignant tumors. Mutant somatic TP53 can induce resistance to chemotherapeutic agents or targeted drugs and may be associated with resistance to treatment in patients with PC \[[@b13-medscimonit-25-4648]\].

MAPK is a transduction protein that controls several cellular processes, including cell proliferation and survival \[[@b14-medscimonit-25-4648]\]. Studies have shown that overexpression of MAPK1 is found in primary PC and is associated with poor prognosis following chemotherapy \[[@b15-medscimonit-25-4648]\]. The anti-apoptotic effector, BCL2, is associated with chemotherapy resistance and poor prognosis in patients with hematological malignancies \[[@b16-medscimonit-25-4648]\]. BCL2 is downstream of the p53 signaling pathway and is regulated by the p53 gene and plays different roles in cellular events, including in DNA damage and hypoxia \[[@b17-medscimonit-25-4648]\]. Abnormal expression of BCL2 is associated with the progression of PC \[[@b18-medscimonit-25-4648]\]. Also, IL6 is a regulatory cytokine, which is associated with the progression of cancer and other diseases, including hypertension and cardiovascular disease \[[@b19-medscimonit-25-4648],[@b20-medscimonit-25-4648]\]. IL-6 can induce the migration of PC cells *in vitro*, and it may be an important effector in the development and progression of PC, to function as a potential therapeutic target \[[@b21-medscimonit-25-4648],[@b22-medscimonit-25-4648]\]. In this study, the core targets that were identified included TP53, MAPK1, BCL2, and IL6 in plumbagin in PC, which might be potential therapeutic biomolecules for the treatment of PC.

Conclusions
===========

The findings from this study showed that the pharmacological activities of plumbagin in pancreatic cancer (PC) might be associated with the regulation of four main targets that include TP53, MAPK1, BCL2, and IL6. The possible biological mechanisms involved include the modulation of the PI3K/Akt signaling pathway, the advanced glycation endproducts (AGE)-receptor for advanced glycation endproducts (RAGE) signaling pathway, and the hypoxia-inducible factor 1 (HIF-1) signaling pathway, which exert crucial roles in cell survival, apoptosis, and metabolism.
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![The schematic flowchart was designed in the current study through conducting a network pharmacology strategy.](medscimonit-25-4648-g001){#f1-medscimonit-25-4648}

![A protein-protein interaction (PPI) network of plumbagin in pancreatic cancer (PC) targets was constructed for visualization of interactive targets.](medscimonit-25-4648-g002){#f2-medscimonit-25-4648}

![Candidate core targets of plumbagin in pancreatic cancer (PC), with the most important targets identified as TP53, MAPK1, BCL2, and IL6.](medscimonit-25-4648-g003){#f3-medscimonit-25-4648}

![Biological functions and molecular pathways from all core targets of plumbagin in pancreatic cancer (PC), with the top 20 biological processes and signaling pathways screened and classified.](medscimonit-25-4648-g004){#f4-medscimonit-25-4648}

###### 

Details of corn targets of plumbagin against pancreatic cancer.

  Targets   Degree   Average shortest path length   Betweenness centrality   Closeness centrality   Clustering coefficient
  --------- -------- ------------------------------ ------------------------ ---------------------- ------------------------
  TP53      28       1.09677419                     0.23638787               0.91176471             0.37830688
  MAPK1     23       1.25806452                     0.07097866               0.79487179             0.52173913
  BCL2      22       1.29032258                     0.04904667               0.775                  0.56277056
  IL6       22       1.29032258                     0.06234832               0.775                  0.53679654
  PTGS2     18       1.41935484                     0.0731364                0.70454545             0.58823529
  CCND1     18       1.41935484                     0.02421563               0.70454545             0.63398693
  RAF1      17       1.48387097                     0.03205762               0.67391304             0.57352941
  IL4       17       1.4516129                      0.02307854               0.68888889             0.68382353
  RELA      17       1.4516129                      0.02055342               0.68888889             0.64705882
  IL2       16       1.48387097                     0.00672515               0.67391304             0.8
  MAP2K1    16       1.48387097                     0.02639246               0.67391304             0.625
  CFLAR     16       1.48387097                     0.01300061               0.67391304             0.71666667
  MMP9      15       1.51612903                     0.02254651               0.65957447             0.6952381
  IFNG      13       1.58064516                     0.00349326               0.63265306             0.85897436
  MITF      12       1.61290323                     0.00517425               0.62                   0.81818182
  CASP1     12       1.61290323                     0.00429753               0.62                   0.8030303
  BIRC2     9        1.74193548                     8.82E-04                 0.57407407             0.88888889
  BIRC3     9        1.74193548                     8.82E-04                 0.57407407             0.88888889
  IL2RA     8        1.83870968                     3.80E-04                 0.54385965             0.92857143
  DUSP1     8        1.74193548                     0.00618055               0.57407407             0.82142857
  CDC25A    7        1.80645161                     7.89E-04                 0.55357143             0.9047619
  HSPA5     7        1.80645161                     1.65E-04                 0.55357143             0.95238095
  CYP1A2    6        1.83870968                     0.0153646                0.54385965             0.33333333
  CDC25B    6        1.83870968                     3.58E-04                 0.54385965             0.93333333
  ALOX15    5        1.87096774                     0.00552057               0.53448276             0.6
  VDR       5        1.87096774                     0                        0.53448276             1
  TGM2      5        1.90322581                     1.65E-04                 0.52542373             0.9
  DUSP6     4        2.09677419                     0                        0.47692308             1
  CYP2C19   3        2.22580645                     5.38E-04                 0.44927536             0.66666667
  NQO1      3        1.96774194                     7.17E-04                 0.50819672             0.66666667
  APEX1     3        1.93548387                     0                        0.51666667             1
  ALDH1A1   2        2                              0                        0.5                    1
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